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Dcar Secretary Dortch: 

On December 22 and 23, 2003, representatives of The Boeing Company met and had 
confcreiice calls with represcntatives of thc lntcrnational Bureau in order to express concerii 
regarding a possiblc proposal to rcquire geostationary ("GSO") satellites operating in the 
Mobile-Sarellilc Service ("MSS") to maintain a loogitudinal (East-West) station keeping 
toleraiicc o f 0  05", rather than the currcntly permitted tolerance of 0 l o . '  

Participants i n  the Dccciiiber 22nd inccIing for the Commission included Roderick 
Porlcr, Depuly Bureau Chief. lackie RufT, Assistant Bureau Chicf, Karl Kensinger, AssocLate 
Division Chief, Joann Lucanik, Assislant Divis~on Chief, John Martin, Senior Engineer, Steven 
Spacth, Satellilc Policy Branch, Stephen Dual], Satellite Policy Branch and Sankar Persaud, 
Salcllite Enginccring Branch Participanls in thc December 22nd meeting (either in person or on 
the telephone) Tor Boeing were Jeof McAllister, Henry Bazak and Thomas Walsh of Boeing, 
along w i t h  Brucc Olcott of  Squirc, Sanders & Dernpsey L.L.P. Participants in the December 
23rd coiiferencc call included Karl Keilsii~ger, Associate Div~sion Chief, John Martin, Senior 
Engineer, Stcphen Duall, Satcllitc Policy Branch, Sankar Persaud, Satellite Engineering Branch. 
leof McAllister of Boeing and Bruce Olcott of Squire, Sanders & Dempsey L.L.P. 

Boeiiig urgcd the Commission to refrain from adopting a 0.05" long~rudinal slation 
keepiiig tolerance for MSS salellites bccause such a rule is unnecessary for the safe and effective 

I S r i ,  A 4 r o ~ o l i o 1 1  I)/ Oihrlol Dehris, Nolicc of Ptopoaed Rulemaking. In Docker No 02-54, 11 47 (March 18. 2002) 
t"U1 hiiai Dcd?iiJ h'PHM') Moblle Satellire Ventures was repicsented at the December 22nd meeting by Bruce 
lacobs of Shau P i l i rna i i  M S V  expicssed w i c e r w  ,iniiIa~ to those of Boeing 
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operation of CSO MSS spacecraft and will significantly increase the costs of operating GSO 
MSS satellites Boeing explained that the use of a 0.05” longitudinal station keeping tolerance 
I‘or Bocing’s 2 GHL MSS satellitc would result i n  as much as a six-fold increase in the amount of 
onboard propellant that would be consumed to mainlain the spacecraft in its assigned orbit. As a 
result, the anticipated 12 ycar useful life of Boeing’s 2 GHz MSS spacecraft would be reduced 
by approximately 50 percent’ Boeing explained that the severe negative impact of a 0.05’ 
longitudinal station keeping tolerance results from a combination o f  the factors within the overall 
a\  ailable longitude b~idget ,~  including in particular the significant area-to-mass ratio of Boeing’s 
spacecraft and its use of a slightly inclined orbit 

As explained during the inceting, i t  is a growing industry practice to operate 
gcosynchronous MSS satellitcs in  a slightly inclined orbit. Consistent with this approach, 
Boeing’s 2 GHL MSS spacecraft was designed to operate with ail initial NortWSouth inclination 
o f  as much as six dcgrees. The method in which this orbit is initializ,ed eliminates the nced for 
NortldSouth slation keeping nianeiivers during the opcrational life of the spacecraft, reducing the 
iiced Tor onboard propellant 

The inclination also creales an analemma latitude and longitude deviation, which 
nianiresls as a “figure-8” ground track, crossing the cquatorial plane twice per day This 
longitude variation due to inclination becomes an added component to the longitudinal station 
keeping tolerance, even near the equator 

Additionally. the usc of a large spacecraft antenna, body and solar arrays creates 
significantly greater solar radiation forces, which increase the required eccentricity of the orbit 
and, with i t ,  the diurnal  longitude variatioii due lo  eccentricity. The eccentricity contribution is 
the largest component of longitudinal dcviation during an East/West station keeping cycle for 
Boeing’s 2 G H L  MSS satellite. 

To further explain the iiicrcasc, four primary components of the overall available 
longitudc budget should be considcrcd The first of these components is an “inclination offset,” 
which results cntircly froni the Iongitudiiial deviation near the equator as a result of the orbital 
inclination For GSO spacecrafl, this lerin is negligible. For GSO spacecraft with a significant 
inclination (-5-6”), however, this tertii can consume as much as 0.01” from the longitudc budget. 

t ~ v c i i  Lhougli Doeing aiiticipares t h a t  a 0 03” longitude sralion keepin& iolerance would result in as  much as a S I X -  

fold increase in the consumption of onboard piopcllani, B o c i n ~  ehpccts that the reduction in the anticipated useful 
life ofBoeing.5 2 G H L  MSS satcll i tc mi11 bc limited to 50 percent This is because Boeing designed 11s satellire to 
habc minc fuel r r m a m ~ n g  a f t e r  operaling for 12 lcais uaing a longitud~nal station keeping tolerance ofO.1”. 
’ For tur ihr r  cxplandlion regarding spacccratt loiigitudinal budgers w e  Pocha, J J , A n  lnirorlucilon io Mlrsion 
Dr\ign / i n  G t ~ ~ s r ~ i i i ~ i n ~ ~ n  S( i id1 i ie~.  K l u w i  Acddcmic Publishers, ISBN 90-277-2479-2, Chapter 6, Secoon 6 2 
(May 19K7), .we oim Soop. E M . Hmdbooh ol G i ~ ~ ~ ~ r ~ i i i o n ~ r ~ ~ ’  Orhir~. Kluwer Academic Publishers, ISBN 0.7923- 
3054-4. Chapicr 7 (Oci 1994) 
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The second component, secular drift, arises from the perturbation of longitude drift rate 
((he first derivative of longitude) by the Earth’s triaxiality. The size of this term varies with 
assigned longitude and station keeping period (days between correction maneuvers), but will 
comiiioiily vary from a negligible value to as much as 0.05”. 

The third component o f  this budget is a guard band, sized to ensure that the spacecraft 
will reinaiii within the available longitude budget. Primary terms considered in calculating the 
siLe of this guard band would typically include orbit estimation uncertainty, maneuver execution 
uiicerlainry, and some high-frequency orbital perturbations. This term can range froni 0.02” to 
0 05” depending on the specifics of the overall system implementation 

The suni of the three terms will range from 0.08” to 0.1 1 O and cannot he changed without 
iiicrcased maneuver frequency, significant systcni design changes, or reduced maximum 
inclinatioii Tlie fourth temi o f  the longitude budget is the only one that can be leveraged to 
reduce thc ovcrall longitude demands of the salellite, a daily variation caused by the orbital 
eccentricity. Increased control of eccentricity, however, creates increased propellant usage over 
the life of the satcllitc. Thc increase arises from a change in the eccentricity control strategy 
from a one maneuver station keeping strategy to a two maneuver station keeping strategy, wlth 
each o f  the resulting two inaticu\’crs being much larger than the maneuver that would be 
necessary in the one maneuver slralegy 

In fact, the two maneuver strategy for a 0 05” station keeping box could result in as much 
as a six-fold increase in (he amount of propellant that would be consumed to maintain Boeing’s 
2 GHz MSS satellile in its assigned orbit This non-linear increase is due to the fixed longitude 
consuinption of the three ternis identi lied above, mandating that all longitude “savings” must 
come rrom significant increases in  ccceiitricity control. The use of a two maneuver station 
kecping strategy would also increase (he operating complexity of the satellite because of the need 
for more frequent maneuvers and the nccd for increased precision in order to ensure that the 
larger maneuvers do not have unintended consequences on the assigned orbit of the satellite. 

According to the N o / m  of Proposed Kuletnukulg (“NPRW’)), the Commission is 

considering requiring GSO MSS satellites to maintain a 0.05” station keeping tolerance as “rules 
o f  Ihe road” for the purpose o r  liiiiitiiig the probability of in-orbit  collision^.^ Boeing is unawarc 
o f  any evidence that an appreciable risk exists o r  a collision between GSO salelliles operating 
with a 0 I o  longitudinal station keeping lolerance. No evidence of such a risk I S  identified by the 
NPRM, or in  the \Jarious comments that wcre filed in this proceeding.’ Instead, the NPRM 

‘ O,h/oi  D i h n  \‘PRM. 11 47 

’ llie only party (ha t  appears io I i d L e  tiled suh\tdntive cornrneints on the station keeping issue was Telesat Canada, 
which acknonledsed that “[ i l t  may iiot he inrccaaary io coi i trol all geosynchronous satellites to the same precise 
Icquirenncnts, hu i  in Tclesai’s b icu ’  i t  is iinportarit tlirli all have published control I i m ~ t s  which are maintained ” 
Coiizincnis o/ T d c w ~ l  C ’ m o h ,  I B  Docket No 02-54. a t  7 ( J u l y  17. 2002) A Commission rule that requlres GSO 
“ V I S  \atellitr\ to publish a n d  mainlain a 0 1’ Stdtion keeping tolerance would satisfy Telesat’s conceni 
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acknowledges that “extremely low spatial density” exists i n  the current satellite spacing 
cnvironment, along with an equally low risk of collision between controlled objects.6 Although 
the number of satellites 111 space conhnues to increase, the technology for tracking and 
mancuvering spacecraft has also improved, obviating the need for tighter station keeping 
requirements for GSO MSS spacecraft 

Furthermorc, GSO MSS spacecraft usually combine the use of a 0 1” longitude station 
keeping tolerance with an iiiclined North-South station keeping tolerance. GSO MSS spacecraft 
opcrating in an inclined orbit cross the equalorial arc only twice per day, greatly reducing the 
potential for collision with satellites opcrating on the GSO arc. Operators of GSO MSS 
spacecraft also where necessary coordinate thcir operations with the operators of other inclined 
CSO spacecrafl and neighboring GSO Fixed Satellite Service (“FSS”) spacecraft operated near 
the equatorial crossing points. The combination of these factors further rcduces the remote risk 
of a collision involving a GSO MSS spacecraft and other controlled satellites. 

Bocing ackiiowlcdges that ihc Conimissioii’s rules currently require GSO FSS satellites 
to niatntaiii a 0 05” longitude station keeping tolerance.’ As the N P K M  observes, however, the 
restriction 011 FSS satellites was adopted solely “for the purpose of avoiding harmful radio 
interfcrence” berwccn FSS saiellites The Commission created the rule for FSS satellites in 
response to concerns that FSS networks operating in a 2” spacing environment would need the 
stringent longitude station keeping requirement in order to avoid harmful interference between 
adjacent networks.’’ No such intcrference risk exists for MSS satellites, the feeder links for 
which operate at relatively low powcr using small numbers o f  large gateway earth station 
facil i t ies 

The Cominission recently addressed this same issue with respect to longitudinal station 
keeping requiremenis for GSO satellites operating in the Direct Broadcast Satellite (“DBS”) 
servicc The Commission considered and rejected the possibility of imposing a more stringent IO 

I’ O,.hri<il Ilehi 1,s ,YPRM. ‘1 SO 

” r h c  r e x i  of subsat inn 25 2 lO(1) does noi r x p r c u l y  iiidicate that 11 is dpplicahlc solely to FSS satellites 
Seclion 25 2 10 
l iowc\cr,  tliar the rule dpplie, only to FSS space ~ ~ t i ~ i i h  

i l ic  iulc. sraung llirli i t  dpplics only to TSS me l l i t es  S w  Oihilnl  Dehm NPRM, 11 47 

fhc t i t le o f  
“Technicdl Kcquirenieiits foi Space Stdriiins in rhe Fixed-Satellite Ser\,icc” ~ makes clear, 

Furthermore, the N P R M  acknowledges the Imuted scope 

Id 

SIV Rirlc.5 a i r ( /  Regrrl~rrion~ /o H e i l i r i  c, 4 1 1 ~ ~  (Cuii  ic i  lnli,r/cience Brrwrcn Frxt.~l-Surrllite~ (11 R e d u d  Orhrral Y 

Sp~r,rp\ rind IU RWW A ~ ~ ~ K ~ I I I ~ I I I  P ~ . o ~ e \ s i ~ r g  Piowillrr-e, ,/or Snrrllrrr Cornnriinrculion Srrvr~o, Second Repon 
and Iburther Yolice o f  Proposcd Rulemakinx, 8 FCC Rcd 13 16, ‘1 19 (March 4, 1993) 

Y w  Pdrr ic \  u u l  R i r l c  /w the  DI,-CYI Ri-ooilco$I Sotell i ie S ~ I V I L L ‘ .  Report and Order, IB Docket No 98-21 (June 
13. 2002) ( “ P M  I00 IIRS O r t l d ) ,  ~ e e  ii1.w Orhrlol D e h u  NPRM, 11 47 n 89 (acknowledging that the Commission 

L S  curiently in Ihc process of revising i t?  rules for DBS by consolidatlng them wlth the Part 25 mles for other 
satclliie \cr\ icca) 

10 
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station kceping requirement on DBS operators, acknowledging concerns raised by the DBS 
industry" and apparently concluding that the public iiilerest would be better served by permitting 
DBS satellites to continue to maintain a 0.1" longitudinal station keeping tolerance in accordance 
wi th  Appendices 30 and 30A of thc ITU Radio Regulations." The Commission reached this 
conclusion even though DBS feedcr links,  like MSS feeder links, are often treated as FSS 
s e r w c s  for regulatory purposes 13 

Thc same rcsult would be appropriate for GSO MSS networks. Boeing thererore urged 
the Commission to continue to permit GSO MSS satellites to maintain a 0 I "  longitudinal station 
keeping tolerance. No evidence has been presented that a tighter station keeping tolerance is 
necessary in order lo avoid in-orbit collisions, or to prevent harmful interference. Instead, 
adoption of such a rule would serve only to increase operating costs for GSO MSS networks at a 
time when the MSS industry is working hard to bring new services to consumers throughout the 
United States. 

Following Boeing's c.1- pcwrc meeting with the Commission staff, Bocing provided to 
nictnhers of the staff two U S.-issucd patents, which provide further explanation regarding the 
orbital mechanics issues discussed during the meeting. The two patents, which are publicly 
available documents, are provided herein as attachments. 

Thank you for your attention to this maiter Please let us know if you have any qucstions 

Attachments 
Counsel for The Boeing Company 
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McAllister et al. (4s) Date of Patent: Oct. 23, 2001 
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1571 ABSTRACT 
A method for Eas iNes t  slaiionkceping of a geostatton- 
ary satellite maintains the osculating value of longitude 
from exceeding a specified deadband lor a spccified 
dnft period between maneuvers In the plannmg. the 
mean longitude. the mean dnrt rare and ihe  mean eccen- 
triciry vector are calculaied and then maneuvers are 
executed to maintain the values below a magnitude such 
that the orculating longitude will be within the specified 
deadband ovcr a specified dnft pcriod Thc target con- 
ditions arc achieved ihrough a pluraltly of maneuvers 
which iniriaie a period of free drrrt which lasts for a 
specified number of days During the free-drift penod. 
longitude remains within Its deadband, and no addi- 
tional maneuvers are needed or are perlormed The 
method has the advantage that it can lake into account 
limitaiions on thruster on-time by allowing for a gencr- 
alized number 01 stationkeeping maneuvers. 
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